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at the REM 2018 and studies at the COMPASS tokamak

9@ al & Frad. BigkdriT.Markovid3, D. NaydenkovaA. Casolatl.  W®  22/njradik?]J.aJrbas,
t @ +2 VRWWeingettt, G. Papfh D. CarnevafeV. K. BandatyO. Bogdt,5 @ 2, i Bezkér D. DelCastilloNegrete,
O. Embréus T.Ful6g, M. Gobbir®, M. Gospodarczyg ~ W® Y A. iairghéks 1Hesslofy M. Hoppé, M. Hrontz  a @ 13 Y NN C)é‘l
M. Jakubowskis a @1, RVRBulpin@k2 N. Lamas, O. Lindet, Ch. Lit?, V. Linha’, K. Malinowski, a ® a |l NBZA O2 ga i é
K. Matveevas3 R. Panek Y. Peyssdf, V. V. Plyusnify, G.Pokol’, M. Rabinskt, V. Svobod& t 2, A. BingKelNE J. Varjd,
ad® =+ RN yYebrmwski, L.Zeng!, Y. Zhardg, Y. Zhard, R. Zhoet, the COMPASS tedrand the EUROfusioMST1 tearh

1) Institute of Plasma Physics of the CAS, Prague, Czech Republic; 2) FNSPE, Czech Technical University in Pradiie, GxEthFRharles University, Czech Republic; 4Pldaxkinstitute for Plasma Physi&Sarching Germany; 5) Dip. di InGivile
edInformatica Universitadi Roma ToWergataltaly; 6) FMPI, Comenius University in Bratislava, Slovakia; 7) EPFL, Swiss Plasma Center, Switzerland; 8) OalaRidberbetgnOak Ridge, TN, USA; 9) Dep. of Physics, Chalmers University of
Technology, Goteborg, Sweden; 10) Consorzio RFX, Padova, Italy; 11) National Centre for NucleaCResekRivierk, Poland; 12) FEE, Czech Technical University in R¥agde Republic 13) University of Lorraine, Nancy, FrancejiebtBn Plasma
Physics Laboratory, Princeton, NJ, USA; 15) CEA, France; 16) CEnsad\eiclear, IST, Lisbon, Portugal; 17) Fusion Technology, Plasma Physics, Budapest University of Technology and Ecoeanitsn@argap8) MIT Plasma Science and Fusion
Center, Cambridge, MA, USA; 19) Department of Applied Physics, Ghent University, Ghent, Belgium;20) Institute of Pérgiicef Balgrade, Belgrade, Serbia; 21) Institute of Plasma Physics, Chinese Academy of Scienéebii€leina*)See the
F dzi K2NJ £ Aaid 2 NukaSazZBNR2Glhprt wnmwnmmg

I (r

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

\“)) EUROfusion

CHALMERS

UNIVERSITE 6 PPPL

DE LORRAINE — RNCETON

OAK ®
RIDGE consorzio rEX
Ricerca Formazione Innovazione

National Laboratory

This work has been carried out within the framework of the
EUROfusion Consortium and has received funding from the
Euratom research and training programme 2014-2018 under grant
agreement No 633053. The views and opinions expressed herein
do not necessarily reflect those of the European Commission.

PLASMA PHYSICS

/

Q k?@' FAKULTA )
q =4l ELEKTROTECHNICKA
N EVUT V PRAZE
) ) .INREEPLASMAS i P S F C UNIVERSITEIT I @

‘4 / E FUSAO NUCLEAR GENT

EMacusoveet al .,Overviewof REM 2018 & R&perimentsat COMPAS2018 PPPL Workshopheoryand Simulationof Disruptions Princeton




COMPASS Outline
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AOverview from the 8 REMc Prague
AThe COMPASS tokamakl&dicated diagnostics for RE

AEffects of the gas injection

A MGl triggered disruptions in the current rarup phase
A Gas injection in the current plateau phase

ARE in perturbed magnetic fields at COMPASS

A Resonant magnetic perturbation (RMP)
A Combined effects of RMP and gas injection

AFutureplans
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6th Runaway Electron Meeting28-30 June 2018 Prague (FNSE CTU)
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Effectof partiallyionizedmpuritiesandradiationonthe effectivecriticalfieldfor runaway
generationhesslow@chalmers.se)

wAnalytical expression faffective critical fieldE" ¢ minimum | () current density —AL= 13
field where force balance is possible : :

w Screening (partially ionized collision operator), synchrotro
& bremsstrahlungpffects included

w Agreement with kinetic simulations |
wWeek dependence on ionic species A

w Weakly ionized impuritie€ s xE ! (total e density = free 3, Bk i
& bound e) >>E, (ConnorHastie formula) =) 0:4r |
. 1
w Estimate of RE current decay rate 02k |
0 2 L I L
. 0 200 400 600 800
w Eremains close t& " ¢ [ms]
w Influenced by induced electric field ——) AL = a®L/(poR), np = 1020 m =5, n, o = 4np and
w HigherE#f reduces the required amount of injected e
impurities Hesslowet al., PRL (2017)iesslowet al. PPCF (2018)
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Model comparisons with MST1 dath &test results from TCV (MST1 campdigmn) @ipp.mpg.d¢

REdecayrate for QRE AUG & Té¢amswell Predisruptionseed isesssentiali> scenario sensitive to,
describedby screeningnodel [HesslowPRL 2017] A Basic control is excellenfCarnevald&PS 2018 3uly 17 at 8:30
GOJ[PappNF 2013] modellingAUG REhots A New DMVinjects significantly more gagossibility of extending
A Bestmatch- at anassimilatiorrate < 30% (byhe the dissipation scan, wider operational space

endof the quench), lower sensitivity topenetration A Plasma vertical position no longer affects

speed assimilation/dissipation

A Temperaturedependencedr lackof) canonlybe A RE beams up to o TP e W g AN) [
explainedf T depof gasassimilationsmodelled(- k~1.5, 1:6 [ RE beam o
> ASTRA) nonmonotonic X 45 * == it A

CODEimulationsfor FTU (QRE) and AU@s(uption$ dependence 91 4 ”ZJ

A FTUguiescentREshotscanonlybe describedf RE A Unlike AUG, g°'1:3 o AN R
transportistakeninto account NO Qg5 = 3 £ 1.9 09, % %

A FulHf CODEWith seltconsistent=field) wasrun for threshold 2 1.1 B0
acompleteAUG CQor the first time. Onaxis RE observed for RE % 1:0 o Tt A ¢
currentisoverpredicted-> investigatiorof the beam formation 0.9 ——— W .l BT
effect of lossesk argoninteractionisongoing 0 0.5 1 1.5
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Selfconsistent modelling of runaway electgeneration in massive gas injection scenarios
(oliver.linder@ipp.mpg.de

A Coupling of transport solver ASTRA & impurity s S

Dreicer source

code STRAHL + equilibrium reconstructiens 700 o Hatiaring .
self-consistent modelling of RE in MGl scenaric  © N

A RE in ASTRyevolution of plasma quantities 2, [ /7 fattening® N\ "= === - - :
A RE sources fluid description ~ sl T - 3

A jrecoupled to evolution of electric field 200 - Fwp e = 1 .

A Validation against the GO code T — Feal o / 1
A Current density flattening in MGl scenarios 2 41 6 s 10 1 |

00 02 04 06 08 10
'l

g (IIIS)W/ j flattening
= == 3

A Cold gas reached g =2 formation of flat

w/o j flattening

jp profile & drop in & increase i, (spike) £ - y & Matq BNNANCes By,
[E 2 N ~ 2 around g = 2 location
S - B g e ~ - = RE generation
Another transporcode METIS is coupled with FP solver LURE : = . 5 star?s off-centre
-=> SelfconS|Stent Ca|CU|atIOnS Of plasma and RE beam < Wi 608 4 ﬂm; T T pn.o 0s 10

parameters
EMacusoveet al., REM + 45tlEPS, Prague, 2018
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Alex TINGUELY & Mathias HOPPE
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Using SOFT and CODE to study spatiotemporal dynamics of runaway ele&lsatsrit-Mod
(rating@mit.edi

A Wide-angle camerg60fps, visible & NIR, distortiezorrected, background and HXR removed)

A SOFT + COMiEll momentumspace distribution functiond image build from esurfaces ¢ most
accurate in spatial features reproduction

A Effect of MHD (lock mode) on RE e
UidKANR f S3I-WStligfures aw | '
rational Q? e

A First results with synchrotron polarizatid
(10 channel system)

Modeling the anisotropic radiation of

runaway electrons: M. Hoppe (July 1 t = 0.740s
at 10:30) TinguelyR. A. etal., NF58 082001 2018

A SR & Bremsstrahlurggifferent part of the distribution function
A Importance of geometric effects

Hoppe M. etal, NF58026032 2018Hoppe M. et al, NF58082001 208

SOFT+CODE

SOFF realistic) magnetic geometry
- drift and radiationconedeformationcorrections
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< COMPASS  /Gigew: Diego DELECASTILLO-NEGRETE & Chang LIU
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Production rate oREn dynamic scenarios: a Kinetic instabilities associated with runaway
probabilistic backward Monte Carlo method: electrons: C. Liu (July 17 at 11:40)

D. delCastilleNegrete (July 16 at 16:10) Selfconsistent quasilinear simulation modévhistler

A BMC methodc powerful tool (faster and extraordinary electron waves includeaiew
convergence; g T, ,.<& production rate) E/E-, threshold-> avalanche & losses
Dynamics of production rate, J = 0.3 Equilibrium production rate, § = 0.3 1 O
4 o A theory closer to . wo wave diffusion )
2 experiment ° 0.5 ¢ with wave diffusion .
i A prompt growth of g y"
: ECE signal explainé&d *° ¥ 7
o E //
C.Livetall, 5 -051 S
0 1 2 3 4 5 6 7 8 2 25 3 3.5 4 4.5 55 6 ArXIV:1801'01827 (20]-E ,:
i ' T B ' _ . I .
G. Zhang and D. da&TastilloNegrete. Phys. Plasmas}, 092551 (2017) +O 2 4 6 8

E/EcH

Synchrotromadiationof relativisticRE . | .
Anew expressmmf conservative magnetlc moment

A Syntheticdiagnosticfor the KineticOrbit Runawayglc_ec?ronsCod_e of RE was introduced C.Liuet all., ArXiv:18@+.01971(2018)
(KORCPBRdeveloped¢ computethe full-orbit relativisticdynamics

in the electricand magneticfieldsincluding radiation & collisions Afluid-kinetic frameworkfor RE simulationosing the BMC
D.del-CastilloNegreteet al., Phys Plasma®5, 056104 (2018) method presented
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COMPASS et REM 2018: Ruijie ZHOU & Yongkuan ZHANG

Recent Runaway Electron InvestigationSAST Tokam@kzhou@ipp.ac.dn

A REdiagnostic§High EnergiiXRSystem CdTe+N4T)+BGO: 0.8 MeV & 1mstime resolution GammaRay
SpectroscopyLaBr3Ce, max. 1IMHz; idevelopment fast IRcamerasystemé& Cherenkoprobe)

A Up to 60% of the prelisruptive plasma current> to Ixgin the disruption whera seed of fast electrons exist

A 1-D selfconsistent model evolution of radial profile of electric field andgg(diffusion <> induced electric field)

A v of magnetic energy converted to RE kinetic energy during the
disruption R.J.ZhotNF57 114002017

A Analysis of synchrotron radiation (SR) spectra and pattern can
supplement each other large orbit shift of REs can result to an
asymmetrical SR pattern

Synchrotron radiation intensity and energy of runaway elec ( i i

in EAST tokamdikzhang@ipp.ac.gn

A Energy of RE from drift orbit shift

A SR intensity and energy of runaway electrons do not reach the
maximum at the same time

A SR compared witRankratov'sinalytical
formula/SOFT Pankratoy Plasma Phys. Rep. 22996) 535

E=35MeV 0p=0.18 R&[20,35]cm
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COMPASS 6" REM 2018: Long Zeng & Yang Zhang
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Dynamic evolution of runaway  Statisticanalysi®f disruptioninducedbyverticaldisplacement

electron energy distribution eventson EAST tokamékhangyang@ipp.ac)n
durm? tOk%mak disruptions A 60%of disruptions (p > 500kA) ¥ID (vertical instability disruption)
(Zeng ong |pp.ac.§tn A Triggered or accompanied by the impurity accumulation, MHD mode, minor D,
A 0D model describing RE energy ELM, physical perturbatior> more flatten current profileg reduced capability of
distribution developed control
AN el lied h A enhanced halo current = enhanced electromagnetic force or uncontrollable loss
egalivelioop applied on the post RE * DP with two variables 70

disruption RE bean» de-acceleration
of REand decrease of their energy in {0

prediction. 55 shots can be

Disruptionprediction improves the success rate of R
H . . M _> .
the mediumenergy range + oscillations function constructed-> linear = o o0k ead before

of HXR signal (not ECE), SXR,and Support Vector Machine | g gicruption 110 %

magnetics method used with 2 variables | 2

30 -

A MGl into the posdisruption RE beam (nZ,din[pZ|/dt) £

dependence of bremsstrahlung on the successfully =
injected amount of gasAr & Necg A 80 % VID detected 2s ) .
stronger RE losses aheadbefore disruption [} o o il o oF .

T
~-200 -196 -176 -156 -136 -116 -96 76 -56 -36 16 -6 0

Alarm time before disruption (ms)
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COMPASS 6" REM 2018: Vinodh Kumar BANDARU
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Runawaglectronfluid model in JOREXKb @ipp.mpg.de

ITER VDE with Runaways (axisymmetric A RE fluid model implemented in to

Total current density RE current density the 3D nonlinear MHD code

JOREK

A RE separated fluid from
plasma

A RE generated during thermal
guench

A RE effects the linear growth
of resistive internal kink
mode in circular plasma

A ITER VDE simulations with RE
(V. KBandaru& F.J. Artola Such?*)

* AixMarseille Université, CNRS, Marseille, France

EMacusoveet al .,Overviewof REM 2018 & R&perimentsat COMPAS2018 PPPL Workshopheoryand Simulationof Disruptions Princeton



